The essential oil composition of Commiphora erythraea (Ehrenb) Engl. is reported for the first time. The oil is rich in sesquiterpenes, particularly furanosesquiterpenes (50.3%). GC-MS analysis of the oil permitted differentiation between C. erythraea and C. kataf, two often confused species.
The genus Commiphora (Burseraceae) comprises more than 150 species of small trees and large shrubs, native particularly to Arabia, Somalia, eastern Ethiopia and Kenya. All the species produce resinous exudates commonly called myrrh containing watersoluble gum, alcohol-soluble resin and volatile oil. The most characteristic components of myrrh are furanosesquiterpenes that are responsible for the odor of the resin. C. myrrha (Nees) Engl. is the principal source of commercial myrrh, but C. erythraea (Ehrenb) Engl. was the principal source of ancient and classical times [1] . The resins of Commiphora spp have been used since ancient time for the production of essential oils. The chemical composition of the extracts and the essential oils of different Commiphora spp. have been recently reviewed [1] .
The commercial importance of Commiphora spp resides in the use by perfumery industries of the essential oils prepared from the resins. The essential oil of C. erythraea var. glabrescens, known as "opopanax", is used in perfume of the Oriental type. The term "opopanax" is a source of confusion, since it is often used for the oil of different Commiphorae and for the gum latex oil of some Umbelliferae, for example Opopanax chironium. As far as we know, all the studies devoted to the analysis of opopanax were performed on commercial oils. Ikeda studied the composition of the monoterpene fraction, and found that it was constituted mostly of ocimene [2] . Nigam and coworkers reported the occurrence of isomeric bisabolenes [3] , and of α-santalene [4] . Wennigen and Yates studied the composition of the sesquiterpene hydrocarbon fraction of commercial opopanax oil [5] . Besides the reported bisabolenes, they showed the presence of α-cubebene, α-copaene, caryophyllene, β-elemene, epi-β-santalene, δand γ-cadinene, αand β-santalene, δand γ-elemene, cis-and trans-α-bergamotene. Later, Tucker [6] stated that opopanax is the essential oil prepared from C. erythraea, whilst other authors described opopanax not only deriving from C. erythraea, but also from other species, such as C. kataf (Forsk.) Engl. [7] and C. guidottii (Chiov) [8, 9] . Wood noted also the close morphological similarity of Yemeni shrubs of C. kataf to C. erythraea var. glabrescens [7] .
Only recently it has been stated that commercial opopanax is C. guidottii oil [5, 10] . Several nonprofit associations [e.g. IPO (Increasing People Opportunities)] [11] are committed to seeing a sustainable and better livelihood for the pastoral community of Ethiopia, and the further development of strong cooperation with communities in neighboring countries with a similar mode of life. One of the most important projects of this association is the creation of ten cooperatives for the harvesting and processing of gum resins. At the request of IPO association we studied the composition of the essential oil of the resin of C. erythrea (Agarsu) commercialized by Agarsu Liben Cooperative and imported into Italy by IPO association. The aim was to define the composition of the resin oil, as the use C. erythraea in local African traditional medicines is common for use on livestock against ticks, for eye infections, malaria and the elimination of snake venom toxins.
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Maradufu [12] , from the n-hexane extract of C. erythraea, isolated furanodienone 1, which was moderately toxic to the larvae of Riphicephalus appendiculatus. It was later demonstrated that this extract is repellent and toxic to several ticks [13] .
The chemical composition of the resin essential oil of C. erythraea obtained by steam distillation has been determined by GC-MS and NMR spectroscopy ( Table 1) . Two dominant constituents (entry 32, 21.5% and entry 38, 14.3%) could be detected. All the monoterpenes and sesquiterpene hydrocarbons were identified by comparison of their MS with those in the NIST98 library, while entries 32-34 and 38-42 were not present in our library and we attempted to isolate them by column chromatography and identify them by NMR spectroscopy.
The oil was first divided into apolar (I) and polar fractions (II) by silica gel column chromatography and elution with n-hexane and Et 2 O, respectively. Fraction I, by GC-MS analysis, was constituted of monoterpenes and sesquiterpene hydrocarbons (entries 1-10, 12-26 and 28-30), while fraction II contained some sesquiterpene hydrocarbons, sesquiterpene alcohols and all the unknown compounds. Column chromatographic purifications of fraction II led to the isolation of compounds 1-6 (entries 32, 33, 38, 39, 40 and 42, respectively), whose structures were determined by comparing their NMR data with those reported in the literature [14] [15] [16] [17] . All these compounds have been previously reported in different Commiphora spp, but only 1 has been described for C. erythraea.
It has been reported that furanodiene and furanodienone (1) are thermally sensitive and during GC-MS analysis can decompose to give curzerene and curzerenone (2), respectively, through Cope rearrangement [18] [19] [20] [21] . The isolation of 2 from the oil of C. erythraea proves that curzerenone is actually one of the components of the oil. In our oil, we could not identify either ocimene, although this was the most abundant monoterpene of the opopanax oil studied by Ikeda [2] , or αand β-bisabolenes [3, 4] . It is interesting to note that the gas chromatographic Essential oil of Commiphora erythraea Natural Product Communications Vol. 4 (12) 2009 1753 analysis of the essential oil of C. erythraea shows many differences from the analysis reported for C. kataf [14] . The main differences reside in the absence of a monoterpene fraction in C. kataf oil and the very small percentages of furanodienone and curzerenone (together 1.0%), while in our case the two compounds amounted to approximately 23%.
As far as we know, this is the first phytochemical study of the essential oil of C. erythraea, although the n-hexane extract has been evaluated [11] . The essential oil is mostly constituted by furanosesquiterpenes, some of which have been isolated and identified by spectroscopic analysis. All the furanosesquiterpenes we isolated have been already reported in other Commiphora species. Our work showed that commercial opopanax oil is effectively prepared from C. guidottii, as the analyses reported in the 1960s [2] [3] [4] are close to the one reported by Başer [22] . Furthermore, we can affirm that gas chromatographic analysis is able to distinguish between C. erythraea and C. kataf, two often confused species.
Experimental
GC analysis: GC analyses were performed on a Hewlett Packard HP 6890, combined with HP ChemStation Software, equipped with a flame ionization detector (FID) and a fused silica capillary column (HP-5MS; 30 m x 0.25 mm i.d., 0.25 μm film thickness). The oven temperature was programmed from 60°C for 5 min, then ramped at 4°C/min to 270°C, and held for 20 min. Injector and detector temperatures were 250 and 270°C, respectively. Samples were injected in the splitless mode using helium as carrier gas (1mL/min); the samples were dissolved in CH 2 Cl 2 to give 1% w/v solutions; the injection volume was 1μL. Percentage compositions of the oil components were obtained from electronic integration using FID at 270°C, dividing the area of each component by the total area of all components.
The percentage values were the mean of 3 injections of the sample.
GC/MS analysis:
GC/MS analyses were carried out on a Hewlett Packard HP 6890 chromatograph combined with HP ChemStation Software, equipped with a HP 5973 Mass Selective Detector and fitted with a capillary column (HP-5MS; 30 m x 0.25 mm, i.d.; 0.25μm film thickness). The oven temperature was programmed from 60°C for 5 min, then ramped at 4°C/min to 270°C, and held for 20 min. Injector and detector temperatures were 250 and 270°C, respectively. Samples were injected in the splitless mode using helium as carrier gas (1mL/min); the samples were dissolved in CH 2 Cl 2 to give 1% w/v solutions; the injection volume was 1 μL. The ionization energy was 70eV.
Identification of compounds:
Peak identification was accomplished by computer matching with a commercial MS library (NIST98) and comparison of MS with those of our library of pure standard authentic compounds. The identification of the oil components was also possible by comparison of their linear RI [23] with those from the literature [24] [25] [26] [27] [28] [29] , and comparison of 1 H and 13 C NMR spectra obtained from the oil with those from the literature [14] [15] [16] [17] .
Plant material:
A voucher specimen (# MCM-1) of the resin (Agarsu grade I) is deposited at the Dipartimento di Chimica e Tecnologia del Farmaco-Sez. Chimica Organica, University of Perugia.
Preparation and purification of the essential oil:
The essential oil (3.9 g) was obtained by steam distillation (3h) of the powdered resin (59.7 g).
Methylene chloride was used as the collector solvent. The oil was dried over anhydrous sodium sulfate and the solvent removed under N 2 . The oil (3 g) was purified by SiO 2 gel column chromatography. Elution with n-hexane gave fraction I (0.90 g). Further elution with Et 2 O gave fraction II (1.98 g). Fraction II was purified on SiO 2 and elution with CH 2 Cl 2 gave three subfractions: II.1 (0.12 g), II.2 (1.00 g) and II.3 (0.44 g). Column chromatography of II.1 (SiO 2 , hexane) gave 4 (10 mg) in a pure form [14] . Purification of II.2 on SiO 2 (n-hexane-Et 2 O; 1-4%) gave, in order, 3 (40 mg) [14] , 2 (10 mg) [14] and 1 (52 mg) [12, 14, 16] . Purification of II.3 on SiO 2 (CH 2 Cl 2 -EtOAc, 2%) gave, in a pure form, compounds 5 (20 mg) [14, 15] and 6 (15 mg) [14, 15] 
